Abstract
Introduction

26
The U-Pb isotope system and its derivative Pb-Pb chronometer have been used with 27 variable success to obtain ages of different lunar rocks ever since the first samples were 28 delivered by the Apollo missions. In particular, the advent of ion probes at the time when the 29 samples became available for study enabled in situ, small (few micrometres) scale and relatively non-destructive analysis of zircon grains in lunar samples, placing important 31 constraints on the magmatic and impact history of the Moon (e.g. Compston et al., 1984;  32 Meyer et al., 1996) . These earlier studies investigated zircon in matrix and lithic clasts from Moon compared to Earth (e.g. Premo et al., 1999) and isotopic resetting of a large number of 54 samples at ca. 3.9 Ga (e.g. Tera et al., 1974) . In particular Premo et al. (1999) the studies of magmatic and impact history of the Moon.
104
The somewhat modified approach in the present study takes advantage of improvements 105 in ion probe instrumentation during last three decades, which make it possible to increase 106 precision of individual analyses and also utilises minerals other than feldspars. It also does 107 not specifically seek to investigate only inclusion-free feldspars assuming that, within a 108 relatively large pool of analyses, some will be randomly targeting areas that are inclusion-free 
Analytical technique
118
Thin sections 14303, 49 and 14083, 35 were prepared at NASA Johnson Space Center.
119
They were cleaned with ethanol before being carbon coated for Scanning Electron 
180
The two clasts investigated in the thin section 14083, 35 ( Fig. 1 and 2 ) are less than 1 181 millimetre in size and different in composition and texture, although both contain K-feldspar.
182
The first contains an assemblage of 100 to 500 micrometre grains of Ca-Fe-rich pyroxene,
183
plagioclase, K-feldspar and silica. It also has a single phosphate grain (ca. 50 m in size).
184
The mineralogy of this clast is indicative of quartz-monzo-diorite (QMD) compositions. Ca-Fe-rich-pyroxene, plagioclase and K-feldspar surrounded by silica (Fig.3) . In addition,
194
similarly sized (ca. 20 m) aggregates composed of pyroxene, ilmenite, zircon and (to a 195 lesser degree) Ca-phosphate are also present within the silica rich areas of the image (Fig.3a) .
196
Some of these aggregates appear to represent decomposition of pre-existing mineral phases,
197
preserving their original elongated shape (Fig.3b) breakdown of pre-existing grains that were 10-15 m in size (Fig.4a) . The second image
207
shows more a complex assemblage comprising silica, feldspar and pyroxene grains (Fig.4b) . to the right of the lunar Pb line (Fig.7a ).
281
Regardless of issues highlighted above, analysing individual clasts helps to avoid at least 282 some of the problems associated with the study of Pb isotope compositions in lunar breccias.
283
Importantly a single lithic clast must represent a host rock that has a specific formation age 
Pb-Pb results
336
The Pb isotope data obtained for all three clasts ( between the feldspar and silica, as evident from the detailed imaging of the samples (Fig.6 ).
383
In any case, the presence of in situ accumulated Pb also implies the presence of various, but analysed zircon grains (Fig.11a, b) . are also similar to that determined for the clast from 14303 and to the U-Pb ages obtained for significantly larger than analytical uncertainty (Fig.12) (Fig.12) .
525
The observed correlated variation in isotope compositions can potentially reflect some Pb from enriched sources with the -values ranging from about 1500 to 5500 (Fig.13a) . The (Fig.13a) . The model Pb age of the clast from 581 14321 studied by Compston et al (1991) is near 3.88 Ga (Fig.13a ), but these authors also formed between t 0 and t 1 (Fig.13b) . These compositions can be expressed using the (Fig.13b) . This can be expressed using equation: 
Apollo 14 breccias and the evolution of lunar Pb
808
Uncertainties on ages are quoted at the 95% confidence level. 
